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Recently tachyonic field has been depicted as dark energy model to represent the present accelera- 
tion of the Universe. In this paper we have considered mixture of tachyonic fluid with a perfect fluid. 
For this purpose we have considered barotropic fluid and Generalized Chaplygin gas(G.C.C). We 

■ have considered a particular form of the scale factor. We have solved the equations of motion to get 

the exact solutions of the density, tachyonic potential and the tachyonic field. We have introduced 

| a coupling term to show that the interaction decays with time. Also we have shown that the nature 

of the potentials vary so as the interaction term reduces the potential in both the cases. 
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m ; I. INTRODUCTION 

The observational confirmation about the accelerated expansion of the Universe [1, 2] has given rise to a 
lot of dark energy models [3-6], which are supposed to be the reason behind this present acceleration. This 
$_i \ mysterious fluid called dark energy is believed to dominate over the matter content of the Universe by 70 % 
W)i and to have enough negative pressure as to drive present day acceleration. Most of the dark energy models 
involve one or more scalar fields with various actions and with or without a scalar field potential [7] . Recently 
7—1 , tachyonic field with Lagrangian C = —V(T)y/l + g^ u d^TdJT [8] has gained a lot of importance in this 
' respect. The energy-momentum tensor of the tachyon field can be seen as a combination of two fluids, dust 
with pressure zero and a cosmological constant with p — —p, thus generating enough negative pressure such as 
to drive acceleration. Also the tachyon field has a potential which has an unstable maximum at the origin and 
decays to almost zero as the field goes to infinity Depending on various forms of this potential following this 
asymptotic behaviour a lot of works have been carried out on tachyonic dark energy [9, 10], tachyonic dark 
matter [11, 12] and inflation models [13]. 
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To obtain a suitable evolution of the Universe an interaction is often assumed such that the decay rate 
should be proportional to the present value of the Hubble parameter for good fit to the expansion history of 
the Universe as determined by the Supernovae and CMB data [14]. These kind of models describe an energy 
flow between the components so that no components are conserved separately An interacting tachyonic-dark 
matter model has been studied in ref. [15]. 

In this paper, we consider a model which comprises of a two component mixture. Firstly we consider a 
mixture of barotropic fluid with tachyonic field without any interaction between them, so that both of them 
retain their properties separately. Then we consider an energy flow between them by introducing an interaction 
term which is proportional to the product of the Hubble parameter and the density of the barotropic fluid. We 
show that the energy flow being considerably high at the beginning falls down noticeably with the evolution 
of the Universe indicating a more stable situation. Also in both the cases we find the exact solutions for 
the tachyonic field and the tachyonic potential and show that the tachyonic potential follows the asymptotic 
behaviour discussed above. Here the tachyonic field behaves as the dark energy component whereas the dust 
acts as the cold dark matter. Next we consider tachyonic dark matter, the Generalized Chaplygin Gas (GCG) 
being the dark energy component. GCG, identified by the equation of state (EOS) p = —B/p a with < a < 1 
has been considered as a suitable dark energy model by several authors [16, 17]. Here we consider the mixture 
of GCG with tachyonic dark matter. Later we have also considered an interaction between these two fluids by 
introducing a coupling term which is proportional to the product of Hubble constant and the energy density 
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of the GCG. The coupling function decays with time indicating a strong energy flow at the initial period and 
weak interaction at later stage implying a stable situation. Like the previous case we have found the exact 
solution of the tachyonic potential. To keep the observational support of recent acceleration we have considered 
a particular form of evolution of the Universe here as 

a = t n (1) 

such that the deceleration parameter reads q = — 1§ = —(1 — i), where a is the scale factor. Hence for n > 1 
we always get an accelerated expansion and for n = 1 we get a constant expansion of the Universe. This kind 
of recipe has been studied in rcf. [12]. 

The paper is organized as follows: 

Section II deals with the field equations of the tachyonic field and Einstein field equations. In sections III 
and IV we have considered models represented by mixture of tachyonic field with barotropic fluid and GCG 
respectively. These sections are each subdivided into two parts showing the effect of these models with or 
without interaction. We have taken some particular values of the parameters and constants for the graphical 
representation of the tachyonic potential. The paper ends with a short discussion in section V. 



II. TACHYONIC FLUID MODEL AND EINSTEIN FIELD EQUATIONS 



by, 



The action for the homogeneous tachyon condensate of string theory in a gravitational background is given 



S = 



-g d x 



16ttG 



C 



where C is the Lagrangian density given by, 

C = -V(T)y/l + gi™ d„Td„T 



(2) 



(3) 



where T is the tachyonic field, V(T) is the tachyonic potential and 71 is the Ricci Scalar. The energy-momentum 
tensor for the tachyonic field is, 



T 



_2_SS 

-g 5gt"< 



-V{T)^T+gT^TdjTg^ + V(T)-^L^ 

= PT + (PT + PT)Uf,U u 



t Td v T 



(4) 



where the velocity u M is : 



(5) 



yZ-g^TdrT 
with u u u v = — 1. 

The energy density pr and the pressure pr of the tachyonic field therefore are, 

VI -T 2 

and 

PT = -V(T) VI - T 2 (7) 
Hence the EOS parameter of the tachyonic field becomes, 

WT = ^ = -(1-T 2 ) (8) 

PT 



and 

PtPt = -V 2 (T) (9) 
which represents pure Chaplygin gas if V(T) is constant. 

Now the metric of a spatially flat isotropic and homogeneous Universe in FRW model is, 

ds 2 = dt 2 - a 2 (t) [dr 2 + r 2 (d9 2 + sin 2 6d<p 2 )} (10) 

where a(t) is the scale factor. 

The Einstein field equations are (choosing 8irG = c = 1) 

3^= P tot (11) 

and 

6^ = -(ptot + 3 P tot) (12) 
where, ptot and ptot are the total energy density and the pressure of the Universe. 
The energy conservation equation is 

ptot + 3^(ptot +Ptot) = (13) 

III. MIXTURE OF TACHYONIC DARK ENERGY AND BAROTROPIC FLUID 

Now we consider a two fluid model consisting of tachyonic field and barotropic fluid. The EOS of the 
barotropic fluid is given by 

p b = LU b p b (14) 

where pb and pb are the pressure and energy density of the barotropic fluid. Hence the total energy density 
and pressure are respectively given by, 

Ptot = Pb + PT (15) 

and 

Ptot^Pb+PT (16) 

A. Without Interaction 

First we consider that the two fluids do not interact with each other so that they are conserved separately. 
Therefore, the conservation equation (13) reduces to, 

Pt + ^(pt+pt) =0 (17) 



and 



Pb + 3%b+Pb) = (18) 
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Equation (18) together with equation (14) give, 

Pb = Po a - 3 d+^) (19) 

Now, we consider a power law expansion of the scale factor a(t) given by equation (1). 
Using (1), equation (19) reduces to, 

Pb = Po t-^+^l (20) 
Also the energy density corresponding to the tachyonic field becomes, 

1 



PT = T2 



in 2 - po t -3n(l+a»)+2 (21) 

Solving the equations the tachyonic field is obtained as, 



T = s/l + uo b t Appell F x 



1 11 1 3n 2 ^ o 2n 



Z -Z 1-| I t 3(l+u> b )n-2 t 3(l+u; t )n-2 



3(l + Wi)n-2'2' 2' 3(l + w 6 )n-2' p '/>o(l+Wb) 

(22) 

where, Appell Fl[a, 6i, 62, c, x, y] is the Appell Hypergeometric function of two variables x and y. 
Also the potential will be of the form, 



y{T) = Y -pr - Po t-3«(l+-,) ^ - + Wbpo t-Snd+o-O (23 ) 

We can show the graphical representation of the potential against time in figure 1. We can see that V — > 
with time, thus retaining the original property of the tachyon potential. 



B. With Interaction 



Now we consider an interaction between the tachyonic field and the barotropic fluid by introducing a 
phcnomcnological coupling function which is a product of the Hubble parameter and the energy density of the 
barotropic fluid. Thus there is an energy flow between the two fluids. 
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Now the equations of motion corresponding to the tachyonic field and the barotropic fluid are respectively, 



PT + 3^(pT+Pr) = -3H5pb (24) 



and 



Pb + 3% b + Pb ) = 3HS Pb (25) 

where S is a coupling constant. 

Solving equation (25) with the help of equation (14), we get, 

Pb = Po a-^+^-V (26) 
Considering the power law expansion (1), we get 

Pb = po t-3«a+^)-* (27) 

Equation (11) and (27) give, 

PT = ^r-Pot- 3n(1+ ^- s (28) 



Solving the equations the tachyonic field is obtained as, 
T = VI + 0J b t Appell F x 



! 1 _! j _| * ^_ f 3(l+w b -<5)n-2 2n ^3(l+^ 6 -<5)n-2 



3(l + w 6 -5)n-2' 2' 2' 3(1 + w fc - S)n - 2 ' p p {l+u b ) 

(29) 

Also the potential will be of the form, 



V ( T ) = y^jr-P° t- 3n(1+ " b - S) y ^ - ^ + WfcPO i-Ml-K*-*) (30) 

In this case also V — > with time as shown in the graphical representation of V in figure 2. 
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IV. MIXTURE OF TACHYONIC DARK MATTER AND GENERALIZED CHAPLYGIN 

GAS 

Now we consider a two fluid model consisting of tachyonic field and G.C.G. The EOS of G.C.G. is given by, 

p ch = -B/ P a ch < a < 1, B > 0. (31) 

where p c h and p c h are the pressure and energy density of G.C.G. Hence the total energy density and pressure 
are respectively given by, 

Ptot = Pch + Pt (32) 

and 

Ptot = Pch +Pt (33) 

A. Without Interaction 

First we consider that the two fluids do not interact with each other so that they are conserved separately. 
Therefore, the conservation equation (13) reduces to, 

Pt + 3^(pt+Pt) =0 (34) 



and 



Pch + ^{Pch + Pch) = (35) 



Equation (35) together with equation (31) give, 



Pch = 

Using (1), equation(36) reduces to, 



B+ Pm 



a 3(l+a) 



(36) 



Pch = [B + poot- 3n{1+a) }^ (37) 
Hence the energy density of the tachyonic fluid is, 

p T = ^ r -[B + p ot- 3n(1+Q) ] — (38) 
Solving the equations the tachyonic field and the tachyonic potential are obtained as, 



/ 



In 



p 00 i-3«(l+«)[B + p 0^ 3 " (1+a) ] _TT * 



J2 ™r L J ^ ^ 



\ ^r- [B + Poo t-^(i+ a )]lTT^ 



Also the potential will be of the form, 



Like the mixture of tachyonic fluid with barotropic fluid in this case also the potential V starting from a low 
value increases largely and then decreases to with time as shown in figure 3. 
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Fig. 4 shows the variation of V against t for B = i, n = 2, poo = 1, a = |, e = |. 



B. With Interaction 

Now we consider an interaction between the tachyonic fluid and G.C.G. by phenomenologically introducing 
an interaction term as a product of the Hubble parameter and the energy density of the Chaplygin gas. Thus 
there is an energy flow between the two fluids. 

Now the equations of motion corresponding to the tachyonic field and G.C.G. are respectively, 

Pt + 3^(pt+Pt) = -SHe Pch (41) 



and 



where e is a coupling constant. 



Pch + 3 ~(Pch + Pch) = ZHep ch (42) 
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Solving equation (42) with the help of equation (31) and (1), we get, 



Pch 



B 

l-e 



+ Poot 



-3n(l+a)(l-e) 



Also the energy density of the tachyonic field will be read as, 



Pt 



3r^ 
I 5 " 



B 



l-e 



Poot 



-3n(l+a)(l-e) 



(43) 



(44) 



Solving the equations the tachyonic field is obtained as, 



T = 



\ 



2n 



^ + poot-3n(l+a)(l-«) 



i 

t 2 



i^+Pooi- 3 " (1+Q)(1 - e) 



(l + c) 



(45) 



Also the potential will be of the form 
V(T) = 



' in 2 



B 



1 - e 



+ Poo^ 3ll(1+a)(1 ^ e) 



d+=> /3n 2 2n „ 



1 - e 



+ Poo^ 3n(1+Q)(1 - e) 



(46) 



In this case the potential starting from a large value tends to (figure 4). 



V. DISCUSSION 



We have considered the flat FRW Universe driven by a mixture of tachyonic field and a perfect fluid. We 
have considered barotropic fluid and Chaplygin gas for this purpose. We have presented accelerating expansion 
of our Universe due to interaction/ without interaction of the mixture of these fluids. We have found the exact 
solution of the density and potential by considering a power law expansion of the scale factor. We show that 
these potentials represent the same decaying nature regardless the interaction between the concerned fluids. 
Since we have considered a power law expansion of the scale factor of the form a = t n , we see that for the 
present acceleration of the Universe to support the observational data we need n > 1. Now we consider the 
interaction terms between these fluids. For the mixture of barotropic fluid with tachyonic fluid, we see that 
the interaction term reduces the potential. Also for the mixture of G.C.G. with tachyonic fluid the interaction 
parameter e satisfying < e < 1 so that equation (43) exists for smaller values of t. In this case also the 
interaction reduces the potential. Also if we consider only tachyonic fluid with the power law expansion, we 

see that the potential (which is obtained to be V = ^p-^/l — ^) is greater than that we get in mixtures. Also 

the potentials differ in the two cases we have considered. For the mixture with G.C.G. the potential decreases 
faster than that in case of mixture with barotropic fluid. 
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